2 by the majority of amputees, at least for a time (8) . Psychology plays a key role in the pain experience. In many cases of chest pain, headaches, and back pain, no anatomic or pathologic cause of pain can be identified (9) .
During the 17th century, French philosopher Rene Descartes proposed that pain represents the transmission of a disturbance from injured tissue to the brain (10) . Today the broad outlines of the pathways along which sensations that register as pain are transmitted are relatively well worked out. From the stimulation of a sensory receptor that can generate a pain "signal," the impulse travels to the spinal cord, crosses in the anterior commissure, ascends via the spinothalamic tract through a nucleus in the thalamus, and then travels into fibers that terminate predominately in the primary and secondary somatosensory cortex, as well as in portions of the brainstem, limbic system, and other areas of the cerebral cortex (11) .
Yet this account does not fully explain the nature of certain types of pain, such as many cases of low back pain, chronic pain, and phantom limb pain. To further explain the complexity of pain, additional theories have built on the theory proposed by Descartes. These include gate control theory, the descending pain modulatory system, and the neuromatrix theory. These more recent theories incorporate higher brain processes in understanding the pain experience 10 and 11.
Although pain is by definition aversive, the inability to feel pain poses a serious problem for those afflicted with it. Congenital insensitivity to pain is associated with a dramatically increased risk of injury to organs, including the eyes, tongue, and extremities, as well as a general reduction in life expectancy 12 and 13. Other forms of insensitivity to pain are acquired, such as long-standing diabetes and spinal cord injury, and these too are associated with an increased risk of injury 14 and 15.
Insensitivity to pain serves as a reminder of its adaptive value. A familiar example at the reflexive level is the withdrawal of a finger from a hot plate. In other cases, such withdrawal is a learned response, such as the child who learns to avoid bees after suffering a sting. Based on the hypothesis that pain is an 3 adaptive response to promote survival, it is no surprise that the most severe forms of pain are often associated with potentially disabling and lethal forms of injury. Yet many instances of pain seem to serve no biologically beneficial purpose, yet seriously undermine quality of life.
Assessment of Pain
For generations, physicians have been trained to assess pain according to a number of parameters.
A mnemonic device for recalling such parameters is SOCRATES, which stands for Site, Onset, Character, Radiation, Associations, Time course, Exacerbating/relieving factors, and Severity (16) . These parameters are quite helpful in assessing disease processes such as appendicitis. Early in appendicitis, when inflammation is confined to the appendix, the pain starts out periumbilical and diffuse, but as inflammation spreads to the peritoneum, it becomes more focal and localized to the right lower quadrant (17) . Through assessing these parameters, physicians can optimize the effectiveness and efficiency of the diagnostic workup.
Since 2001, the Joint Commission, which accredits hospitals and health-care organizations, has mandated the regular assessment of pain, often linked to a movement to establish pain as the "fifth vital sign" (18) . The problem with calling pain a vital sign, of course, is that, in contrast to pulse, respiration, temperature, and blood pressure, it is often difficult or impossible to assess objectively. A physician or other health professional often cannot independently assess the character or severity of pain or even determine with certainty that it is present.
Efforts to move the assessment of pain from the realm of the subjective into the objective have, naturally, tended to focus on quantification, the central parameter of all other vital signs. The scale most often used is the Numeric Rating Scale. Patients are asked to rate their pain on a 0-10 scale, 0 being the absence of pain and 10 corresponding to the worst pain the patient has ever known (18) . More recently, such scales have been adapted to patients who are too young or illiterate by replacing the numerical scale with a range of facial expressions depicting increasing levels of discomfort (19) . 4 One difficulty in assessing pain is the fact that different people often report different levels of pain and difficulty coping with a common source of pain, depending on a variety of factors. For example, athletes in competition and women in labor may experience severe pain, yet report that they are able to bear it in pursuit of a desired outcome. Pain may also be underreported in connection with fear that it would lead to loss of respect, stigmatization, and loss of opportunities (20) . Others view pain as a necessary and expected part of their culture or religion 3 and 20. An environment of respect and trust is important in helping patients describe their pain honestly.
In other circumstances, pain may be overreported and exaggerated. One well-known example is the so-called "drug-seeking" patient, who may seek to obtain pain relievers to manage an addiction or as a means of making money (21) . Other reasons to falsely report pain or exaggerate its severity include the so-called secondary gains, such as days off school or work, decreased responsibilities in such settings, or to gain sympathy (22) . Of course, opioids, are not the only class of drugs that can be used to treat pain. Other options include nonsteroidal anti-inflammatory drugs, which are generally useful in treating pain associated with inflammation as well as fever. Acetaminophen can increase pain tolerance, but has little effect on inflammation (28) . Muscle relaxants may have a role in patients with pain due to muscle tension, such as low back pain (29) . Antianxiety drugs not only reduce anxiety but may also promote both relaxation and enhanced coping. The same can be said for antidepressants, at least in some cases. Others include gabapentin and pregabalin, which have shown efficacy in treating neuropathic pain (28) .
The side effects of pain medications, and particularly the problems associated with opioids, are fueling an increased level of interest in non-pharmacologic approaches to pain management. For example, individuals who have strong relationships, including family, friends, and colleagues, often require less pain relief than individuals without social support. This is one reason that having family and friends nearby can make a big difference in how patients experience pain before, during, and after tissue injury.
A powerful technique for reducing pain is often called distraction, but perhaps a better term would be shifting the patient's focus of attention. For example, performing a task or participating in an activity, while not directly addressing the pain, can often decrease the burden associated with it.
Interventions during radiological procedures that can decrease pain through this technique include having the patient count, talking about something other than the procedure, playing videogames and virtual reality, and asking the patient to repeat a positive statement (30) .
An additional technique for reducing pain in radiological procedures is giving the control of the procedure to the patient (9) . In one study, women in active labor were given control over parts of the delivery process, and positive effects were seen in terms of reducing pain and fatigue, and increasing 6 energy (31). By giving patients some measure of control over the procedure, such as which side of the abdomen a paracentesis is performed on, they often report less pain and cope better with it.
The power of suggestion should not be underestimated. For example, when patients believe they are receiving a pain-relieving medication, a substantial percentage will experience at least some measure of relief, even though the pill or injection is just a placebo (32) . This phenomenon has not been fully explained, but one factor is the reduction in anxiety associated with the belief that steps are being taken to prevent or relieve pain (33) .
Other approaches, often considered part of complementary and alternative medicine, may also be effective. For example, hypnosis has been demonstrated to be effective in relieving the pain associated with surgical and needle-related procedures 30 and 34. Some studies have suggested a role for acupuncture, but as yet no firm evidence is at hand (35). Other studies have suggested music can reduce pain and anxiety; however, no conclusive evidence exists at this time (36) . Spinal manipulation associated with chiropractic treatment may produce some benefit, but it does not appear to exceed that available through other more conventional means, including exercise and muscle-strengthening exercises (37) .
In sum, pain, the most common presenting complaint in most emergency departments, is a complex problem that defies simple solution (1) . In general, radiologists need to be attuned to pain, preventing and relieving it to the extent possible, but also bearing in mind that there is no one-size-fits-all approach. In some cases, attempts to relieve pain may produce more harm than benefit. One thing, however, is certain-by responding effectively to pain, all health professionals can build more trusting and compassionate relationships with patients.
